Amplifier Design
shows the simplified schematic of the proposed amplifier (biasing not shown). It consists of a transformer-based balun and a transistor. A single-ended input signal is applied to the transformer's input, and the outputs of the balun are led to the gate and source terminals of the transistor. Here, a DC block capacitor was inserted between the balun's output and the gate terminal. The diameter and the line width of the transformer were carefully chosen in order to operating as the balun around 120-GHz. As the balun was a passive device, low amplitude and phase imbalance can be realized using EM-simulation. The transformer also works as a current sink. The drain current flows to the ground at the center tap of the transformer.
The amplifier works as both a common-gate amplifier and common-source amplifier. Fig. 2 shows the equivalent circuit of the proposed amplifier. When viewed from the source terminal, it can be seen that the amplifier works as common-gate amplifier. Conversely, when viewed from the gate terminal, it can be seen that the amplifier works as a common-source amplifier. As differential signals are input to the source and gate terminals (because balun outputs are connected), each signal can be combined and amplified at the drain terminal. Fig. 4 shows the schematic diagram of the 2-stage amplifier.
Device fabrication
A 75-nm InP HEMT technology [5] was used for designing 120-GHz-band amplifier. The current cutoff frequency (f T ) of a 75-nm InP HEMT was 390 GHz. For the amplifier design, we used the EE-HEMT model for the transistor model.
The conductor layer for two-layer routing was made of Au. The interlayer insulator was BCB, having a relative permittivity of 2.8. 
Measurement results
The on-wafer measurement was performed using VNAs. Below 110 GHz, 8510XF was used. From 110 to 170 GHz, PNA with VDI frequency extenders was used. Fig. 5 shows the measured S-parameters of the amplifier. The maximum gain of 12 dB was obtained at 100 GHz. A -3 dB bandwidth of over 40 GHz was obtained from 93 to over 133 GHz. S 11 and S 22 remain less than -10 and -7 dB, respectively. The applied bias voltage was 1.0 V, and the power consumption was 22 mW.
Conclusions
In this paper, an InP HEMT amplifier with enhanced gain topology was described. A transformer-based balun was utilized at the input stage. And the converted differential signals were led to transistor's gate and source terminal, and they were amplified. This topology realized a higher gain compared with a conventional common-gate or common-source amplifier. Fabricated in the 75-nm InP HEMT technology, the amplifier exhibits a gain of 12 dB and a bandwidth from 93 to 133 GHz. 
